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X 5 X 6
7
1
XX X 8 keV Cu Kα 22.1 keV Ag Kα








30 keV Xe K X
Ar K X , Kr K X
Xe K X Xe
4 keV Xe L X
12 Ar Kr K X Xe K X
Xe K Ar Kr 5× 1018 − 1019 W/cm2
X
Ar K Xe L keV X Xe K X
12.4 keV Xe K X Kr K X 13


















kJ, 10 fs, 1 shot/min
(1015 W) Table 1.2
21
Table 1.2 Ti:Sa .
APRI/GIST 30 TW 27 fs
KAIST 1.1 PW 30 fs
TIFR 20 TW 30 fs
RRCAT 150 TW 30 fs
SIOM 850 TW 30 fs
CAEP 300 TW 30 fs
IOP/CAS 720 TW 30 fs



















x exp(i · kp · x) = exp(i ·
√
ω2 − ωp2 · x/c)
















Ti:Sa (λ = 800 nm) 1×1022 cm−3 Overdense plasmas δ = 59 nm 1×1023



























• Xe K X
Xe K X














Table 2.1 J-KAREN JLITE-X .
J-KAREN J-KAREN JLITE-X
( ) ( )
820 nm 820 nm 820 nm
1.2 J 5 J 0.16 J
30 fs 30 fs 35 fs
40 TW 150 TW 4.5 TW
10 Hz 1 shot/30 10 Hz
(1012) (1012) (2 m x3 m)
8
Fig. 2.1 J-KAREN .
Xe K X J-KAREN (Fig. 2.1)















260 mJ 6 YAG
6.5 J Ti:Sa
3.2 J
Fig. 2.3 J-KAREN .26
J-KAREN Fig. 2.3 YAG
YAG
J-KAREN




∆t ∆ω(= 2πc∆λ/λ2) Appendix C
∆t ·∆ω ≥ 4 ln 2 ∼ 2.77 (2.1)
c Ocean Optics
Fig. 2.4 760 nm 800 nm 800
- 840 nm 850 nm













Fig. 2.4 J-KAREN .
11
2.3 J-KAREN





3 J-KAREN Fig. 2.6
33 200 ps 1012






















t = 0 fs 35 fs (FWHM)












































z Dz(x) Fig. 2.8


















y M2 17.305 µm 3.2350
z M2 17.919 µm 3.1276
Fig. 2.9







F F F = 9




• 2 J-KAREN JLITE-X
• J-KAREN
• J-KAREN YAG 3.2
J


















Kr Rohdes Kr L M
Kr K X 10
13 Kr K X 1, 11, 36 X
Kr K X
X 11 Xe
K X Xe Kr Ar
Ar K Kr, Xe K X




J-KAREN Ti:Sa 820 nm




Fig. 3.2 X .
3.3








X ps 35 X




Bragg X hν hν
X
nλ = 2dn sinΘ (3.1)
X 1
X X
X 1 X 1
X CCD (Charge Coupled Device) X
3.5.1 X CCD
X CCD X X
N X
37 W 1
3.65 eV hν = 8 keV X N ∼ 2200
FWHM ∆N F = 0.13
∆N = 2.35 ×
√
NF = 40 (3.2)
h ·∆ν/(h · ν)
h ·∆ν






= 1.8 % (3.3)




X Xe K X 29.7 keV
X CCD EGS439 Fig. 3.3
1.5 % X CCD 30 keV
(1.74 keV) CCD
CCD Si K X Si K X





















Fig. 3.3 Xe K X X CCD .
3keV 37
X





1 + (1− cos θ) · EX/(mec2) (3.4)
Ee = EX − EX∗ = EX · (1 − cos θ)
mec2 + EX · (1− cos θ)EX (3.5)
me c Ee
Xe K X Ee 3.1 keV
3 keV
X
12.6 keV Kr K X Fig. 3.4 Kr K X
























Fig. 3.4 Kr K X X CCD .
Si K X
Xe K X Kr K X
X CCD
X CCD X









keV X A˚ X
Bragg X (3.1)
Bragg X 40












CCD(Andor DX420-BN) 41, 42
a θ b
a = R cos(90 − θ) = R sin θ (3.6)
b = R cos(90− θ)/ cos(180 − 2θ) = −R sin θ/ cos(2θ) (3.7)














































• X X CCD Xe K
X , Kr K X
1.5 % 15 %
CCD X
• X CCD
X keV ∆λ/λ ∼ 7000
•
25
4 Three Stage X
2004 Issac Kr K X 13
300 fs 2.6 × 1016 W/cm2 Kr
Kr K X 18 nm
Three stage Kr
X Xe X
10 - 20 MeV/ JLITE-X
43, 44



















Fig. 4.1 Fe55 .
Fe55 X CCD X
CCD
Fig. 4.1












Fig. 4.2 X CCD .
Al 260 µm
X




1) Xe K X


























Fig. 4.3 Xe X .2
Three stage Xe K X
Al 260
µm X Xe K X
1019 W/cm2
3.4 MPa J-KAREN X
Fig. 4.3 2 X X
40 keV X 40 keV
X X 0.11 %
(7.16) X
X 30 keV Xe
K X
28
X CCD Xe K X 1.5 % 1







Al 260 µm X CCD
Fig. 4.4 3.4 MPa 10 keV X 107 photons/keV/sr
0.42 MPa X 105 photons/keV/sr
4.1 keV Xe Lα X 4.4 keV Xe Lβ X
30 keV Xe K X 15
keV X Fig. 4.3
X




















































Fig. 4.5 X .2
4.1 MPa, 1 J, 40 fs
1019 W/cm2 40 fs 1019
W/cm2 20 Xe K X (Fig. 4.5) Xe K X
X 3.4 MPa J-KAREN
300 fs 1.33× 1018
W/cm2 20
40 fs 300 fs 40 fs
Xe K X X





X 3 keV Kr, Xe Ar K X
JLITE-X Three stage 6.2 MPa
Ar 0.12 J, 40 fs
f/22
11.2 µm
2.4 mm X CCD 100 µm Be















Fig. 4.6 Ar X .
32
4.3.1
X Ar K X
Fig. 4.7 Three stage
6.2 MPa 0.12 J 40 fs
x = 0 mm x = ±2-3 mm X
X x = ±2-3





















1 J J-KAREN 2.2 mm
Ar K X
40 fs 6.1 MPa JLITE-X
(Fig. 4.8 J-KAREN JLITE-X
X
6 keV CCD 2


















































Fig. 4.9 Ar 2.1 MPa.
Three stage 4 MPa Ar K X
2.1 MPa
Ar K X (Fig. 4.9




KAREN , 1× 1019 W/cm2
He 6 MPa Ar 5 MPa Three stage
X CCD Fig. 4.10





























Three stage Kr 8× 1016 W/cm2
JLITE-X Kr K X 1 3.5 MPa
X CCD 100 Fig. 4.11 13 keV
Kr K X 3.1 MPa X
Fig. 4.12 3.5 MPa 20
2.0 MPa X





































































4 .8 5 .0 5 .2 5 .4 5 .6



















Fig. 4.14 Ne-like Kr (J-KAREN).
J-KAREN
+2.2 mm 2.6 MPa, 40 fs, 1
J (2× 1017 W/cm2 Fig.
4.14 λ2 = 2d sin θ/2 λ3 = 2d sin θ/3
X 47 Ne Kr+26
7.6.3
Table 4.1 Ne .
(A˚) 4.81 4.95 4.98 5.28 5.41 5.54 7.27 7.50
5d-2p 4p-2s 5s-2p 4d-2p 4s-2p 4s-2p 3s-2p 3s-2p
37
4.5
• Three stage 6 keV




≤ 0.1 photons/pixel) X
• Xe
1019 W/cm2 3.4 MPa Xe
X 30
keV Xe K X
40 fs 300 fs X Xe K X
0.42 MPa X 15 keV Xe L X
• Ar
6.2 MPa Ar 3 keV Ar K X
X
Ar K X
6.1 MPa 2.1 MPa Ar K X 10−3
Ar He
Ar 20 MeV He
60 MeV
• Kr






Fig. 5.1 Three stage
General Valve
Three stage 75 mm 1’st stage 0.5 mm
0.5 2.0
Fig. 5.1 Three stage .
0.7 mm 2’nd stage 0.8 mm 3’rd stage 2.0 mm


























Volume: pi x 202 x 500 (µm3)
Fig. 5.2 Ar Ar .
Three stage Three


















δG(R) = −4 · π
3
R3 · ns ·∆µ+ 4π ·R2 · α (5.1)








S T , kB
∆µ = −kBT lnS (5.3)
(5.1) (5.2)










n(N) = n(N − 1) ·R+(N − 1)− n(N) ·R+(N)− n(N) ·R−(N) + n(N + 1) ·R−(N + 1) (5.5)
R+(N) N N + 1





















(∼ 10 nm) X
Three stage 6 MPa
X 50 Ar Rcl
Ar K X Fig. 5.4 3 × 1018
W/cm2, 30 fs Ar K X
X
Three stage X
Distance from nozzle center (mm)
µ
Fig. 5.4 X Ar .48, 50
Ar K X
4 - 5 MPa 5 → 6 MPa 0.09 → 0.76 µm
Ar K X 4 MPa 5






( (5.6) ) Hagena Equation(
(6.20)) Hagena Table 5.1 51 S
α Nc
δG Js T = 40 K
Nc δG Js
S = 102 α 0.0250 N/m 0.0174 N/m 30%
Js 7.0× 10−23 m−3 s−1 3.7× 1011 m−3 s−1 34
Table 5.1 (Hagena 51 ).
S 102 103 104 102 103 104 102 103 104
α (N/m) Nc δG/(kBT ) Js (m
−3 s−1)
0.0250 51 15 6 117 52 29 7.0× 10−23 1.5× 108 1.2× 1020
0.0200 26 7 3 60 27 15 4.8× 102 1.6× 1019 1.9× 1026










α ≫ 1 :
α ; 1 : Mie
α ≤ 1 : Rayleigh






4D6/(4r2λ4)× (m2 − 1)/(m2 + 1)






































aν , bν 1 φν ξν




ν(mα) · φν(α)−m · φν(mα) · φ
′
ν(α)
φ′ν(mα) · ξν(α)−m · φν(mα) · ξ′ν(α)
(5.14)
bν(α,m) =
m · φ′ν(mα) · φν(α)− φν(mα) · φ
′
ν(α)









0 30 60 90 120 150 180


































Fig. 5.7 Mie .
1 2 jν , nν 1 2
Jν+1/2, Nν+1/2











1 6 Mie Fig. 5.7
45
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Xe radius:0.6 µm + 0.18 µm
Rayleig Scattering 
 (R<<0.532 µm)
Fig. 5.10 Xe 4.0 MPa.
Lorentz-Lorenz 55 Xe n0 = 1.00070665 for 532 nm Xe
n = 1.35 2× 104 mbar 4× 104 mbar
Fig. 5.9, Fig. 5.10 fitting





2× 104 (mbar) 4× 104 (mbar)
( )48 0.37 µm 0.04 µm






















• 2 × 104 mbar 0.09 µm 4 × 104 mbar
0.6 µm 0.18 µm Xe 2× 104
mbar 0.37 µm 4× 104 mbar 0.04 µm
50
6 X






































































































= −(γ − 1) ·M
2
















2 + (γ − 1) ·M2




γ 1 γ = 5/3, γ = 7/5

















Fig. 6.2 Mach γ = 5/3 .



























































(103 < Γ∗ < 104) (6.20)
Hagena Γ∗ P T0 Φ α
k





















Rws [nm] 0.240 0.257 0.273
k
Γ∗ < 105
60 T0, Φ, α Hagena Γ
∗∗ (6.25)
N







(Γ∗∗ < 105) (6.24)
























Backing pressure, x 104 (mbar)
Fig. 6.3 .





















































9× 1018 W/cm2 1× 104 - 4× 104 mbar






























Fig. 6.5 , 9 × 1018 W/cm2. (a) RCl=8 nm; (b) RCl=12 nm; (c)
RCl=13 nm; (d) RCl=15 nm; (e) RCl=16 nm; (f) RCl=17 nm.
3
Fig. 6.5 12 nm Xe K X
X
X 12 - 17 nm 8 nm









E · exp(−E/Te), (6.27)
E X Ae X Te Maxwell
Fitting Table 6.2
Table 6.2 X .3
Cluster radius (nm) 8 12 13 15 16 17
Temperature (keV) 9.6 16.2 16.8 11.8 12.3 13.5
Ae/10
8 in Eq. (6.27) 0.9 2.1 2.4 2.2 2.1 2.3
12 nm 10 keV 8 nm
10 keV
Xe K X Xe K
Xe K 35 keV
12 nm Xe K X
58
500 µm

























      12 nm
      13 nm
Photon energy (keV)
Fig. 6.6 , 5× 1018 W/cm2.3
Xe K X 12 nm 6.5× 105 sr−1, 13 nm 6.2× 105 sr−1
Fig. 6.6 Te X
Ae 12 nm 8.2 keV 1.5× 108, 13 nm 9.1 keV 1.7× 108
9× 1018 W/cm2
59
9× 1018 5× 1018 W/cm2







































Fig. 6.7 9× 1018 W/cm2 5× 1018 W/cm2.3
8 nm 12 nm Xe K X 12 - 17 nm














1 + 3.613 × 10−19 · I[W/cm2] · λ2[µm2], (6.29)
c: γ:Lorentz ωp: ne: I: λ:
3.5× 1023 cm−3 9× 1018 W/cm2
12 nm Fig. 6.7 X












-2 -1.5 -1 -0.5 0 0.5 1 1.5 2






















9.38132 + 1.33932 ×
(






X=-2000 µm Fig. 6.8 2 × 1017
















Fig. 6.9 , 2× 1017 W/cm2 Fitting curve.3
X CCD X Fig. 6.9 X
X Xe K X




13 nm Xe K X Fig.
6.10 9 × 1018 5 × 1018 W/cm2 Xe K X
2× 1017 W/cm2 X
Xe K X Xe K X






































Peak laser intensity, x 1018 W/cm2





• 4× 104 mbar 17 nm Xe
• Xe 9 × 1018 W/cm2
Xe 8 nm 9.6 keV X
Xe K X 2.0× 105 sr−1 12 nm
16.2 keV X Xe K X 6.7 × 105 sr−1
15 - 17 nm 11.8− 13.5 keV Xe K X
(5.6− 7.7)× 105 sr−1 12 nm
• 5× 1018 W/cm2 12
nm 8.2 keV Xe K X 6.5× 105 sr−1 13 nm 9.1
keV Xe K X 6.2 × 105 sr−1
• 2× 1017 W/cm2 4 keV Xe
K X Xe K X



























E[V/m] = 2.746 × 103
√
I[W/cm2] (7.1)
(7.1) I = 6.5× 1014 W/cm2 E = 7× 1010 [V/m]
Fig. 7.2
Ammosov Delone Krainov ADK
66 WADK
WADK = ωA · C2n∗ · f(l,m) · Ip
[
3 ·E























(2l + 1) · (l + |m|)!
2|m| · |m|! · (l − |m|)! (7.4)
n∗ = Z · (2 · Ip)−1/2 (7.5)
ωA: (= 4.1 × 1016 [s−1]) Ip:
E l m Z
I


















We = ai · qi · ln(Ee/Ip)
Ee · Ip (7.9)
ai = 4.5× 10−14 [cm2 · eV2], qi i
Ee Ip
t i N(i, t) t+ dt N(i, t+ dt)
N(i, t+ dt) = N(i, t) + [W (i− 1, t) ·N(i− 1, t) −W (i, t) ·N(i, t)]dt (7.10)









Cmn = 1.58 × 10−5 · ne · fmn · Te−1/2 · Emn−1 · exp(−Emn/Te) ·Gmn (7.11)












Gmn = 0.19 ·
[

























m n Emn m n











Iz,n Lotz ( (7.9)) Maxwell-Boltzmann
68



















































































|2 + ǫ| · E0 (7.19)
Drude ǫ
ǫ = 1− ωp
2







[MeV/ps/electron] = 3.52 × 9 · (ν/ω)
(ne/ncr − 3)2 + 9(ν/ω)2 × λ[µm]× I[10
16W/cm2] (7.21)
ne ncr
ne = 3 · ncr
Fig. 7.4 ν ω































E vosc = e ·E/(meω)
Te vkt =
√























ln Λ vkt ≪ vosc (7.23)








































2 − λe2) λe < 2r























6.7 × 107 · ne · ai · qi
Ip · (kBTe)1/2
· Ei(kBTe/Ip) (7.29)
Ei(z) (7.14) qi i ai = 4.5× 10−14 [cm2 · eV2]
vosc


































































































Fig. 7.6 Ar : 6 - 9 nm.
X
6 nm 1× 1016 W/cm2 X




Kr 2 × 1017 W/cm2



























Fig. 7.7 Kr .
(7.2), (7.29)
(7.30) Fig. 7.7
t = 0 fs
t = −70 ∼ −60 fs Kr+13
t = 0 fs Kr+15







W/cm2 300 fs 1.67 × 1018 W/cm2
K X
60 fs 6 nm K
Xe K X 8 nm Xe K X






















6.67 x 1018 W/cm2 
         (60 fs)
1.33 x 1018 W/cm2 
        (300 fs)



































Fig. 7.9 Xe K X .
60 fs 100 fs Xe K X


















t E0 ω τ ~x
~Emean(r, t) Poisson
Langevin















= q(t) · ~EL(t) + q(t) · ~Emean(r, t) (7.33)




∂t , t) - Salvat
78
- Nambu 79
∆t Ar K X





w0 Ith I Ar
Ar K X
τ






















































w0 I Ith Ar K X
Fig. 7.11 40
















Fig. 7.12 Ar K X .65
CTMC Ar K X
Fig. 7.12 Ar 1 X PK
N 1017 W/cm2,
56 fs Ar N 104 108
X PK
Ar N 2 × 106 ∼ 30 nm PK
X PK
79
Fig. 7.13 Ar K X .65
Ar 1 X PK I N =
2.8 × 105 61 fs X PK
Fig. 7.13 X PK
1016 W/cm2 PK
τ PK = PK(N, I, τ)
80
7.5.2 X
Ar K X 65
N 3.7 × 104 I 2 × 1014 − 3 × 1016 W/cm2
τ 56 fs 140 fs 570 fs CTMC
56 fs
, 140 fs , 570 fs Fig. 7.14
Fig. 7.14 Ar K X 56 140 570 fs.65
X
Ar K X
Ar K X Ith
τ Ith = Ith(τ) 56 fs
Ith 3 × 1015 W/cm2 570 fs 2 × 1014 W/cm2
81
7.5.3 Ar K X
CTMC Ar K X τ
65 20 mJ N = 5.1 × 105
Fig. 7.15 Ar K X .65
τ 1 X PK CTMC
Fig. 7.15 a) 56 fs X
X 200 fs
Ith Ar Ar K X
X Veff (7.34) Ith(τ)
Fig. 7.15 b)
X 1 PK







6 Xe Xe K X
Xe K X 8 nm Xe
9× 1018 W/cm2 Xe K X 2.0× 105 sr−1
Rcl δ 12 - 17 nm Xe
K X 5.7× 105 - 7.7× 105 sr−1 (Fig. 6.7 )
Xe 7 nm Xe K X
Fig. 7.8
8 nm Ar K X
1 × 1017 W/cm2 Chen 8 nm
5×1016 W/cm2 Ar K X 81
CMTC Xe K X CMTC
Ar K X CMTC CMTC 1017 W/cm2
Ar K X
30 nm( 2× 106 ) (Fig. 7.13 )
X X
CMTC Xe K X
Table 7.1 X Rcl .
Rcl ∼ δ
Rcl ≤ 7 nm ≤ δ
CTMC Rcl ∼ δ
83
7.6.2 X
mm Ar K X (Fig.
4.7 ) CTMC Ar K X
X X X
CTMC Ith I X
Ith
I X Ar K X
X








Fig. 7.16 x ,
[xa, xb] Veff (I > Ith) (Appendix.
H )



















































































Ar K X x Ith xmin








Ith = 6.5× 1015 W/cm2
(7.35) Fig. 7.17 x =0 mm
X x =3 - 4 mm
x x =7 mm 0
Ar K X


















Fig. 7.17 X X .
85
7.6.3
Kr Fig. 4.14 Three stage
2 × 1017 W/cm2 40 fs
X +26 Kr Ne
Ne Ip 1200 eV
Kr +14 -
+17 +15 Fig. 7.7 +15 (+17 )
520 eV (610 eV)
CTMC Kr
Ar CTMC
CTMC 65 6× 1016 W/cm2
61 fs 5.1 × 105
Fig. 7.18
+14 Ar
CTMC +12 Ar 2




Fig. 7.18 Ar CMTC .65
86
7.6.4
Ar K X 7.5.3 Deiss CTMC
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Van der Waals binding
74%






(A˚) (K) (eV) (erg) (A˚)
Ne 3.13 24 21.56 50× 10−16 2.74
Ar 3.76 84 15.76 167× 10−16 3.40
Kr 4.01 117 14.00 225× 10−16 3.65

















































































(10K3 − 15K2 + 11K − 3) (K = 2, 3, · · · ) (A.7)
N
Ip(N) Ip(∞) Table A A
87
Ip(N) = Ip(∞) +A ·N−1/3 (A.8)
Table A.2 .
Ar Kr Xe














kpump = ksignal + kidlar (B.2)
OPCPA
Fig. B.1 .
J-KAREN OPCPA BBO(β )
2 7 × 7 × 19.5 mm3
AR Q Nd:YAG (Spectra-Physics
Quanta-Ray Pro-230-10) (532 nm) 9.7 ns 208 mJ
5 mJ OPCPA
















































































Ka = 3.05 × 10−54 × z
2 · ni · ne · ln Λ · (λ0[µm])2
(Te[keV])3/2 · (1− ne/ncr)1/2
[cm−1] (E.1)
z: , ni: , ne: , Te: , ln Λ:













· sin θ = 0.8 (E.2)
E.3
(Fig. E.3 ) 89
I (I > 1018 W/cm2)
E.4










































+ (−→v · ∇)−→v
]
= −e(−→E +−→v ×−→B ) (E.8)
−→v os −→v
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∇ · −→Fp (E.19)
vp η ≡ x− vpt




2φ = −kp2φp = kp2mec2a02/(2e) (E.20)
φ(r, η) = kp
∫ ∞
η
sin[kp(η − η´)]φpdη´ (E.21)
a(r, η) = a0 exp[−r2/(2σr2)− η2/(2σx2)] (E.22)



















[C(η) cos(kpη)− S(η) sin(kpη)]
(E.23)


















[C(η) sin(kpη) + S(η) cos(kpη)]
(E.24)
C(η), S(η)


























ψ ≡ kpx− ωpt xR C(η) ∼ 2, S(η) ∼ 0
117
Ex(r, x, t)











































kp x σx xR







n(N) = n(N − 1) ·R+(N − 1)− n(N) ·R+(N)− n(N) ·R−(N) + n(N + 1) ·R−(N + 1) (F.1)
R+(N) N N + 1
R−(N) N N − 1
neq(N) ,
neq(N) ·R+(N) = neq(N + 1) · R−(N + 1) (F.2)
neq(N)






(F.2) R−(N + 1)































































|Nc(Nx −Nc)3 + · · · (F.8)
(F.7)










































































· E · e












× (E · eiωt + E∗ · e−iωt) · (E · eiωt − E∗ · e−iωt) = ω
8π
× ln[ǫ] · |E|2 (G.3)
E =
3
|ǫ+ 2| · E0 (G.4)
(G.1) |ǫ+ 2|2
|ǫ+ 2|2 =





































































































I[W/cm2] = 1.33× 10−7E02[V2/m2] (G.10)
1 [V/m]= 3.33× 10−5 [statV/cm]
E0[statV/cm] = 3.33 × 10−5
√
I[W/cm2]

















1.11 × 1013 ×
9(ν/ω)
(ωp2/ω2 − 3)2 + 9(ν/ω)2 × (9.13 × 10
−2)2I[W/cm2]
= 5.63 × 10−10 × 9(ν/ω)
(ωp2/ω2 − 3)2 + 9(ν/ω)2 × λ[µm] · I[W/cm
2] (G.12)
1[erg] = 6.24 × 1011[eV] Ue [eV]
∂Ue
∂t
[MeV/ps] = 3.52 × 10−16 × 9(ν/ω)



















= 9.3 · I[1014W/cm2] · λ2[µm] (G.15)
Ee = 2Up sin















Ip ∼ Ee In(Ee/Ip)
In(Ee/Ip) = In
(











































Ip · x ×
Ipdx√


















































































































































































































x [xa,xb] ( xa ≤ xb)





















A∗ Veff (A > A
∗)

































































































Veff (A > A
∗)















































































































































































(H.9) (H.13) (H.7) xR = πω0
2/λ











































































|xa|, |xb| ≤ xr=0
Ith xb = xr=0, xa = −xr=0
Deiss
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